surgical cyst fenestration, or partial hepatectomy. However, despite these treatments, both cysts and symptoms tend to recur (cysts and symptoms would recur in spite of active treatment). [5] [6] [7] In addition, these treatments may be associated with significant morbidity and even mortality. [6] [7] [8] Liver transplantation is often the most suitable option for patients who experience hepatic failure and clinical deterioration as a result of the development of large cysts; however, it could only be performed in a limited number of patients because of the lack of donors and high costs. [8, 9] For these reasons, additional new approaches are in dire need.
In Japan, transcatheter arterial embolization (TAE) has become an accepted treatment option for patients with symptomatic PLD in several hospitals. [10] [11] [12] Because the hepatic cysts patients with PLD are mostly supplied from hepatic arteries rather than portal veins, TAE of the hepatic artery branches that supply major hepatic cysts can shrink the cyst and liver size. [12, 13] This less invasive approach can relieve symptoms and avoid the morbidity and mortality associated with open surgery. However, this treatment has been performed only in a few hospitals and the experience and long-term outcomes are very limited in the literature reports. In addition, TAE has not been established as part of the medical treatment of PLD in Western countries. The purpose of our study was to evaluate the effectiveness of TAE using a mixture of N-butyl-2-cyanoacrylate (NBCA) and iodized oil, an embolic material different from previous reports, for patients with severe symptomatic PLD during a more than 2-year follow-up.
methods

Ethics statement
This study was approved by the Medical Ethics Committee of Chinese PLA General Hospital. Written informed consent was obtained from the patients or their guardians before the procedure.
Subjects
Between February 2007 and December 2014 at a single institution, a total of 37 patients with symptomatic PLD received TAE, all of them with polycystic kidney; we excluded 14 patients due to incomplete follow-up data (n = 5), TAE using particles or coils rather than NBCA-iodized oil (n = 5), and lost to follow-up (n = 4). The remaining 23 patients (20 women and 3 men; age, 49.0 ± 14.5 years, with a range of 36-68 years) met the following inclusion criteria and were enrolled in our study. The diagnosis of PLD was established using computed tomography (CT), magnetic resonance imaging (MRI), and ultrasonography (US). [1, 2] Inclusion criteria for our study were as follows: (a) diagnosis of PLD with severe symptoms such as abdominal pain, distention, dyspepsia, and dyspnea not relieved with medical treatment; (b) patients with symptomatic PLD were not candidates for surgery (i.e., surgical resection or surgical fenestration) due to poor medical condition or other reasons. 
Procedure
The details of technique of TAE have been described previously. [14] All procedures were performed on an inpatient basis by two senior interventional radiologists (Wang MQ and Liu FY, with 22 and 14 years of vascular and interventional radiology experience, respectively) using a therapeutic angiography unit equipped with a digital flat-panel detector system (INNOVA 4100 IQ; GE Healthcare, Milwaukee, WI, USA) and nonionic contrast medium (Visipaque 320 mgI/ml; GE Healthcare).
After intravenous moderate sedation and local anesthesia were achieved, a 5-Fr vascular sheath (Radifocus, Terumo, Tokyo, Japan) was inserted into the right femoral artery with the Seldinger technique. Through the right femoral artery approach, selective digital subtraction angiography (DSA) of the celiac artery and superior mesenteric artery was performed using a 4-Fr catheter (RH; Cordis Corporation, Miami Lakes, Florida, USA). Portal venography was performed as the late phase of superior mesenteric artery angiography. To precisely define peripheral hepatic arterial anatomy, additional super-selective hepatic arteriographies using a 2.6-Fr microcatheter (Progreat, Terumo Corporation, Tokyo, Japan) were performed.
After super-selective catheterization of the target hepatic artery, a mixture of NBCA (Histoacryl-Blue; Braun, Melsungen, Germany) and iodized oil (Lipiodol, Laboratoire Guerbet, Roissy, France) in a ratio of 1:4 was injected under fluoroscopy. Immediately before the injection of this mixture, the microcatheter was flushed with a small amount of 5% dextrose water solution to prevent the contact of NBCA with the blood in the lumen of the microcatheter. The endpoint of TAE was stasis of feeding arterial flow. The extrahepatic collaterals (i.e., the internal thoracic artery, the right inferior phrenic artery, and the omental artery) supplying the hepatic cystic lesions were also embolized using polyvinyl alcohol (PVA) particles (300-500-µm; PVA foam embolization particles, PVA, Cook Incorporated, Bloomington, IN, USA), if necessary. An intra-arterial injection of 3-5 ml of lidocaine (Lidocaine HCl 2%; Chengdu first pharmaceutical Co., Ltd., Chengdu, China) was used for pain control during the TAE procedure. After embolization, celiac arteriography was performed to confirm the complete occlusion of the target artery.
Postprocedural management
The patients stayed in the hospital for 2-5 days for observation and then were discharged when there were no complications. Antibiotic therapy was not given after the procedure. Analgesics and antiemetics were administered as needed.
Evaluations
Before TAE, a routine physical examination, laboratory tests, and imaging studies were performed, including US, CT, or MRI. The imaging studies were performed within 2 weeks before the procedure. Follow-up was performed by two interventional radiologists (Wang MQ and Liu FY) on an outpatient basis. The subjective symptoms after TAE were based on any kind of changes (i.e., if they were better or worse or no change). The abdominal circumferences were specifically measured at the umbilicus before TAE and during the follow-up period after the procedure. Patients were followed up until loss contact, death, or December 30, 2014. All patients underwent follow-up CT at every 3 months for the 1 st year after TAE and at 6-month intervals thereafter. CT was performed using a multidetector CT scanner (Brilliance 64-channel; Philips, Eindhoven, The Netherlands). Volumetric data were obtained from the portal phase images. The total intrahepatic cyst volume, hepatic parenchyma volume, and liver volume (cysts plus parenchyma) were calculated using the CT analysis system by two senior radiologists (blinded for review). Laboratory data were collected at the time of before the procedure, and 1, 7, and 14 days, 1, 3, 6, and 12 months after TAE. Laboratory data included routine blood tests, total bilirubin, AST, ALT, serum creatinine, serum urea, lactate dehydrogenase, alkaline phosphatase, and γ-glutamyl transpeptidase.
Outcome parameters
TAE was considered technically successful when the target hepatic arteries were complete embolized, as demonstrated by hepatic arterial angiography performed after completion of the procedure. Clinical success was defined as relief of symptoms and other invasive therapies were not required after the procedure. The total intra-hepatic cyst volume, hepatic parenchyma volume, and liver volume (cysts plus parenchyma) were also evaluated using CT analysis system. Complications were classified according to the guidelines of the Society of Interventional Radiology. [15] Major complications were defined as any event that resulted in additional therapy, such as an increased level of care, hospital stay beyond observational status, permanent adverse sequelae, and death. All other complications were classified as minor. Postembolization syndrome is the most common side effect of TAE, which was not considered a complication but rather an expected outcome.
Statistical analysis
Our study was conducted as a single-arm exploratory study. The means and standard deviations (SD) were presented if the data were normally distributed, and the medians and interquartile ranges (IQR) were presented if the data were not normally distributed. We calculated the mean and 95% confidence interval (CI ) of the intrahepatic cyst volume, hepatic parenchyma volume, liver volume (cysts plus parenchyma), volume reduction rate of the liver, and circumference of the abdomen, before TAE as the baseline and at 3, 6, 12, 18, 24, and 36 months after TAE. Categorical variables were analyzed with Chi-square test or Fisher's exact test, and continuous variables were compared using t-test. A value of P < 0.05 (two-tailed) was considered statistically significant. Statistical computer software (SPSS, version 22.0; SPSS Inc., Chicago, IL, USA) was used for data analyses.
results
Subjects
All patients were judged not to be surgical candidates by surgeons from the Departments of Hepatobiliary and Anaesthesiologists. Before TAE, 6 (26%) patients received percutaneous cyst aspiration followed by local sclerosing agent injection with 2-4 sessions and 3 (13%) patients received laparoscopic fenestration. The patients' backgrounds and the cystic characteristics are shown in Table 1 . All patients were followed up for more than 2 years after TAE. The median follow-up period was 48.5 months (interquartile range, 30.0-72.0 months; range, 25-85 months).
Technical success
Technical success was achieved in all cases. TAE was performed only once in every patient, and the mean amount of NBCA used for TAE was 1.5 ± 0.5 ml (range, 1-2 ml). The mean procedure time was 75 ± 15 min, with times ranging from 55 to 95 min. No major complication related to TAE was observed. Mean length Hemoglobin (g/dl) 11.5 ± 1.5 (9.1-12.5)* Total protein (g/dl)
6.9 ± 1.5 (56-75)* Albumin (g/dl)
3.3 ± 0.4 (2.9-3.9)* Data are shown as n (%). *Data are the mean ± SD, with the range in parentheses;
† Data are calculated from CT or MRI. TAE: Transcatheter arterial embolization; MRI: Magnetic resonance imaging; CT: Computed tomography; SD: Standard deviation. of hospital stay was 5.5 ± 2.0 days (range, 4-9 days). During the interventional procedure, the extrahepatic arterial blood supply to the cystic lesions was observed in 11 patients (48%); among these patients, 9 received other treatments (needle cyst aspiration or laparoscopic fenestration) before TAE. In total, 20 collateral vessels that fed the cysts were demonstrated on DSA, including the right inferior phrenic artery (n = 11), internal thoracic artery (n = 4), omental artery (n = 2), left inferior phrenic artery (n = 2), and the right renal capsular artery (n = 1). All these collateral vessels were successfully embolized [ Figure 1 ].
Clinical outcomes
Symptoms improvement
At the end of follow-up, 21 (91%) of 23 patients remained alive. Two patients died during the follow-up: cardiovascular disease and cerebrovascular disease at 25 and 36 months after TAE, respectively, led to the mortalities. During the follow-up, these PLD-related symptoms (i.e., abdominal pain, distention, dyspepsia, and dyspnea) have notably improved in 19 (83%) of 23 patients, and these patients experienced good quality of life. The time of symptoms improvement after TAE was 4.5 ± 2.0 months (range, 2-6 months) and no recurrent symptoms were reported during the follow-up. Of these patients, the mean maximum abdominal circumference decreased significantly from 106.0 ± 8.0 cm (90-112 cm) to 87.0 ± 15.0 cm (80-105; P = 0.021). TAE failed to benefit in 4 (17%) patients: the PLD-related symptoms were the same as pre-TAE; however, no patient complained of worsening of the symptoms after TAE.
Changes in volumes of total liver, liver cysts, and parenchyma before and after transcatheter arterial embolization
The median total liver volume pre-TAE was 8070 cm 3 (interquartile range, 4650-10200 cm 3 ), representing marked hepatomegaly. At follow-up CT at 3 months, the volumes of liver cysts, normal parenchyma, and total liver showed no statistically significant differences compared to pre-TAE (P > 0.05). At 6-36-month follow-up, the volumes of liver cysts and total liver decreased significantly (P < 0.05) compared to pre-TAE; the volumes of liver parenchyma increased significantly (P = 0.024) [ Table 2 ].
The mean liver cystic volume reduction rates in comparison with pre-TAE value (with 95% CIs) were 7% (0, 8.5; P > 0.05) at 3 months, 23% (10.0, 35.5; P < 0.05) at 6 months, 36% (24.6, 46.3; P < 0.05) at 12 months, 37% (29.0, 51.2; P < 0.05) at 24 months, and 38% (25.0, 48.7; P < 0.05) at 36 months after TAE [ Figure 2 ]. The mean liver volume reduction rates compared with pre-TAE value were 5% (0, 9.0; P > 0.05) at 3 months, 19% (12.0, 37.5; P < 0.05) at 6 months, 32% (25.0, 44.5; P < 0.05) at 12 months, 31% (27.0, 54.0; P < 0.05) at 24 months, and 33% (26.0, 58.5; P < 0.05) at 36 months after TAE. The volume of mean liver parenchyma increase rates compared with pre-TAE value were 6% (0, 9.0; P > 0.05) at 3 months, 25% (15.0, 38.5; P < 0.05) at 6 months, 37% (26.5, 48.0; P < 0.05) at 12 months, 34% (28.0, 50.0; P < 0.05) at 24 months, and 35% (25.0, 55.7; P < 0.05) at 36 months after TAE [ Figure 2 ].
Complications
No procedure-related major complications occurred. Posttreatment syndrome, characterized by some degree of abdominal pain, low-grade fever, loss of appetite, nausea, and leukocytosis developed in all patients within 1 week after TAE; these symptoms were self-limited and reversible and some patients received antiemetics, nonopioid analgesic, and antipyretics.
Laboratory data
An increase in liver enzymes (AST, ALT) to nearly twice the normal levels was observed 24 h after TAE. In all cases, the enzyme levels returned to the baseline levels after 1-2 weeks without specific treatment. Values of serum creatinine and urea were unchanged in all patients after TAE. At the end of follow-up, the blood sample data were obtained in 17 patients and these patients had significant changes in the total protein, albumin, and hemoglobin levels, increased from 6.9 ± 1.6 g/dl to 7.5 ± 0.7 g/dl (P < 0.05), 3.2 ± 0.5 g/dl to 3.5 ± 0.6 g/dl (P < 0.05), and 11.0 ± 1.7 g/dl to 12.0 ± 1.7 g/dl (P < 0.05) after TAE, respectively, suggesting improvement in their general nutritional status.
dIscussIon
Our study was designed to relieve the severe compression symptoms caused by PLD in patients in whom other medical therapy has failed, and who are not good candidates for surgical treatments due to poor medical conditions. At follow-up of 25-85 months, PLD-related highly symptoms were improved remarkably in 85.7% of our treated patients, and these patients experienced sustained effectiveness without recurrence and had excellent quality of life. On CT follow-up, the mean liver cystic volume reduction rates compared with pre-TAE were 23% at 6 months, 36% at 12 months, 37% at 24 months, and 38% at 36 months after TAE; the results seem to be better than those previous reports. [8, 10, 11] In an early study by Takei et al., [10] they treated 30 patients with TAE for PLD, with a follow-up period of 18-37 months; 80% (24/30) of these patients benefited from TAE. Of these patients, the mean volume of intrahepatic cysts decreased significantly from 6677 ± 2978 cm 3 to 4625 ± 2299 cm 3 , with a mean reduction rate of 31%; the mean liver volume decreased significantly from 7882 ± 2916 cm 3 to 6041 ± 2282 cm
3
, with a mean reduction rate of 23%. Recently, Yang et al. [5] reported that the failure rate of TAE for PLD was relatively high (69.6%). Of 18 TAE patients, only 6 (33%) required no further treatment, the others required a second treatment for uncontrolled symptoms or hepatic failure following treatment, and 5 of these patients required surgical treatments eventually. [5] However, the authors did not provide the technical details of TAE. Better results in our study might come from using different embolic agent: mixture of NBCA and iodized oil, as we reported previously. [14] According to our experience, TAE using the mixture of NBCA and iodized oil for patients with symptomatic PLD is a safe treatment option. [14, 16] No major complications were observed in our study. Currently, NBCA has rarely been used for hepatic arterial embolization due to its liquid property. [17, 18] Huang et al. reported that TAE with liquid embolic agents for the treatment of hepatic hemangioma could cause severe bile duct injuries and infarction. [19] Theoretically, the rate of TAE related complications should be higher in using the mixture of NBCA and iodized oil than that of using coils embolization. [10, 11] However, these liver TAE-related complications such as hepatic infarction, biloma, abscess, and bile duct injuries, reported by others, [17, 18] did not occur in our study. We speculate that absence of the bile duct structure in the hepatic cystic regions is an important reason for the absence of the bile duct injury complications. In addition, TAE should be performed superselectively to target hepatic cystic regions and to preserve remaining intact hepatic parenchyma. In our study, post-treatment syndrome and transient increase in liver enzymes slightly were observed in all patients within 1-2 weeks after TAE, which were comparable with those reported in other studies; [19] these symptoms were usually self-limited and reversible without special treatment.
Technically, TAE for PLD should be performed as completely as possible in embolization of the feeders supplying the cystic lesions. [10, 14] Based on our experience, the liver cystic lesions are usually fed by multiple feeding arteries, not only through the hepatic arterial branches but also through extrahepatic collaterals, and these collaterals may be one of negative influence factors on the long-term efficacy of TAE. For more effective treatment of PLD with TAE, not only the hepatic arterial branches but also these collaterals should be adequately embolized. In our study, the extrahepatic arterial collaterals supplying the liver cysts were demonstrated in 48% of patients, mainly through the right inferior phrenic artery and internal thoracic artery. We embolized these collaterals using PVA successfully without any complications.
Our study has several limitations. First, it was a single-center study, and the number of patients is limited. Further experiences are essential to establish the safety and effectiveness of TAE with the mixture of NBCA and iodized oil. Second, this study did not have control group of patients -which is not practicable -because all patients had severe conditions and were not candidates for surgery (i.e., surgical resection or surgical fenestration) due to poor medical condition or other reasons. Third, only the mixture of NBCA and iodized oil was used and did not use the other embolic materials (i.e., microcoils, particles) as a control. Finally, there might be a selection bias because only a part of our patients with severe symptomatic PLD infeasible for surgery were referred for TAE.
In conclusion, TAE with the mixture of NBCA and iodized oil appears to be a safe and effective treatment method for patients with symptomatic PLD, especially for those who are not good candidates for surgical treatments, with improvement of hepatic volume and shrinkage of cysts volume.
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